Seasonal variations in the profile and concentrations of essential oil in Zanthoxylum piperitum were investigated by gas chromatography-mass spectrometry. Seasonal changes in the percentages of the main constituents of the essential oil of both leaves and fruits from Z. piperitum varied. Variations in essential oil yield and the amount of monoterpenes and sesquiterpenes in leaves and fruits at different developmental stages were significant. The characteristic content of essential oil in leaves was determined mainly due to the content of monoterpenes, and that in fruits was determined largely due to the sesquiterpenes. Twenty-nine compounds in the oil from Z. piperitum leaves were detected; the major compounds were β-phellandrene (26.90%), citronella (15.32%), β-myrcene (3.24%), α-pinene (2.79%), trans-caryophyllene (2.66%), and fanesyl acetate (2.30%). The highest yield of oil (43.89%) in Z. piperitum leaves was obtained in May but decreased gradually beginning in June. The yield of essential oil from Z. piperitum leaves during early periods was higher than that during later periods and usually decreased from early maturation stages to subsequent stages. However, in contrast to leaves, the oil yield in Z. piperitum fruit increased in June, and oil yield later in the season was higher than that earlier in the season. These results indicate that the essential oil produced from Z. piperitum leaves at the early developmental stages was stored in leaves, and might be transferred to fruit at the final developmental stages.
INTRODUCTION
Zanthoxylum piperitum belongs to the Rutaceae family, is distributed in northeast Asia (Korea, China, and Japan) , and is commonly used in Korean dishes as a spice and as a traditional medicinal plant. In particular, the Z. piperitum fruit pericarp has been used as an anthelmintic and for treating disorders of the digestive organs in Korea (Epple et al. 2001 , Setzer et al. 2005 , Kim et al. 2006b , Lee and Lim 2008 . The extracts from the fruits and leaves of Z. piperitum are chemically complex (Yasuda et al. 1982 , Kashiwada et al. 1997 , Hur et al. 2003 . This plant produce an essential oil, and many of its constituents are volatile.
The essential oil is mainly comprised of monoterpenes and sesquiterpenes, which characterize the aroma and belong to a structurally diverse group of natural products known as isoprenes. Mixtures of volatile essential oils lend a characteristic odor to plant foliage. Large variations in the concentrations of constituent compounds are found due to plant parts, season, location, and individual differences (Jiang and Kubota 2004) . Several studies (Pfänder and Frohne 1987 , Kamsuk et al. 2007 , Chang and Kim 2008 , Hwang and Kim 2012 have reported the composition of Z. piperitum essential oil. In addition to fruit) were removed from each plant, and 3 g samples were immediately ground with pure sand and extracted with n-pentane and 1 mL of 1% tetradecane as an internal standard. The plant extracts were filtered with sodium sulfate and concentrated by evaporation with a gentle stream of nitrogen gas (Kim et al. 2006a ).
Essential oil analysis
Samples were analyzed by GC-MS (Hewlett Packard 5890; Hewlett Packard, Dallas, TX, USA) using a 30 m long HP5 (i.d. 0.25 mm, flame ionization detector) capillary column. Helium gas was used as the carrier gas. The oven temperature for terpene was initially 37°C for 5 min, increased to 180°C at a rate of 5°C per min, then increased by 20°C per min until a final temperature of 320°C was reached. One µL of the extract was injected for the GC-MS analysis.
Individual terpenes were identified by comparison with the internal spectral library of the instrument (Wiley library ver. 7.0) and retention times based on references. The peak concentrations at selected retention times were estimated from the peak area using the internal standard curve of tetradecane. All compounds were measured in triplicate.
RESULTS AND DISCUSSION

Variation in oil yield
The amounts of monoterpenes and sesquiterpenes measured at different developmental stages were significantly different (P < 0.05) (Fig. 1) . Maximum oil content these compounds, a number of non-volatile alkylamides (Hatano et al. 2004 , Jang et al. 2008 , Machmudah et al. 2009 ) and phenolic compounds (Chon et al. 2009 , Jeong et al. 2011 ) are present. At least one of the alkylamides, sanshool, causes a strong tingling sensation, similar to a mild electric shock, as well as cooling, when applied to the human tongue (Bryant and Mezine 1999). Pfänder and Frohne (1987) determined that the main constituents of the essential oil from Z. piperitum are limone, α-terpineol, linalool, citral, citronellal, cineol dipentene, and geraniol. Chang and Kim (2008) determined that the essential oil of Korean Z. piperitum consists of limonene, geranyl acetate, cryptone, citronellal, cuminal, and phellandral, whereas the most abundant compound in Chinese Z. piperitum is β-phellandrene, followed by sabinene, terpinen-4-ol, and linalool. Hwang and Kim (2012) also reported that the percentages of Z. piperitum essential oil constituents were dl-limonene (18%), geranyl acetate (15.3%), cryptone (8.5%), citronellial (7.1%), cuminal (6.2%), and phellandral (5.2%). Chung (2005) found that the largest constituent components of Z. piperitum oil were hydrocarbons and alcohols, primarily dl-limonene (37.9%), sabinene (13.3%), and β-myrcene (7.17%). According to the essential oil composition in the literature, Z. piperitum can be divided into two groups such as limonene-rich and β-phellandrene rich, as different results can occur depending on sampling season and location. Thus, a more complete study of the Z. piperitum essential oil profile in Korea is needed, as well as seasonal variations in its composition.
The first aim of this study was to determine seasonal variations in the yield and composition of essential oil from Z. piperitum leaves. The second aim was to elucidate the composition of essential oil in each different organ of Z. piperitum (i.e., leaves, green fruit, and ripe fruit) using gas chromatography-mass spectrometry (GC-MS).
MATERIALS AND METHODS
Locations and oil extraction
Z. piperitum leaves were collected from three sites; an abandoned area on Mt. Muhak (35°11′15″ N and 128°32′30″ E, 665 m elevation, 1,400.3 mm precipitation, temperature range 9.8-27.7°C) from April 5-October 30, 2010. Three plants in a similar development stage were collected at each site at approximate 2-week intervals. Plant samples were sealed in plastic bags and transported to the laboratory. All materials (leaves, green fruit, and
Fig. 1. Essential oil, monoterpenes, and sesquiterpenes yields in
Zanthoxylum piperitum leaves during differential growing periods. Percentage means peak area from gas chromatography-mass spectrometry.
